Résumé. 2014 On décrit les propriétés électroniques de quelques alliages amorphes de silicium et de germanium hydrogénés a-SixGe1-x: H riches en silicium (x &#x3E; 0,6 il est environ 104 fois plus faible pour l'alliage Si0,62Ge0,38 que pour a-Si:H. Cette degradation des propriétés photoconductrices est interprétée par une augmentation de la densité d'états dans la bande interdite liée à l'incorporation de germanium. Cette conclusion repose sur l'étude de la région exponentielle du front d'absorption et sur les résultats obtenus lors de la mesure des temps de réponse de la photoconduction. Ces derniers sont interprétés dans le cadre du modèle de Rose sur la cinétique de piégeage et de recombinaison. On a trouvé que pour x ~ 0,6 la densité d'états à ~ 0,4-0,5 eV en dessous du seuil de mobilité est de 7 x 1017 eV-1 cm-3 alors qu'elle est seulement de 2,4 x 1016 eV-1 cm-3 pour x = 0,97.
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Abstract. 2014 The electronic properties of some binary hydrogenated amorphous silicon-germanium alloys a-SixGe1-x: H in the silicon rich region (x &#x3E; 0.6) are investigated. Experimental evidence is presented of photoinduced effects similar to those described in a-Si:H (Staebler-Wronski effect). The electronic properties are then studied from the dual point of view of the germanium content dependence and of the photo and thermal histories of the films. The dark conductivity changes between the annealed state and the light-soaked state are interpreted in terms of the variation of the temperature coefficient of the Fermi level. The photoconductivity efficiency is shown to remain close to that of a-Si:H for 1 &#x3E; x ~ 0.9 and to strongly decrease when the germanium content is further increased : the photoresponse of the Si0.62Ge0.38 alloy is 104 times smaller than that of a-Si:H. This deterioration of the photoconductive properties is explained in terms of the increase of the density of gap states following Ge substitution. This conclusion is based on the study of the width of the exponential absorption edge and on the results of photoconductivity time response studies. The latter data are interpreted by means of the model of Rose of trapping and recombination kinetics and it is found that for x ~ 0.6 the density of states at 0.4-0.5 eV below the mobility edge is 7 x 1017 eV-1 cm-3 as compared to 2.4 x 1016 eV-1 cm-3 for x = 0.97. J. Physique 44 (1983) In recent years many papers have been devoted to the structural, optical and electronic properties of hydrogenated amorphous silicon (a-Si:H) prepared by (+) This work is part of the « These de 3e cycle », M. Galin, Universite Paris-Sud, Orsay, 1982. glow discharge (GD) decomposition of silane. The subject has been stimulated by the discovery of substitutional doping from the gas phase [1] and promising applications in the field of solar cells [2] . It has been recognized that the quality of this material is due to incorporation of hydrogen in the network leading to a strong decrease of the density of defectrelated states in the pseudogap [3] . In contrast hydro-genated amorphous germanium (a-Ge:H) has a large overall density of states in the pseudogap and both its doping sensitivity and photoconductivity efficiency are reduced [4] . Indeed Eg has been observed for SixGe1-x: H alloys in the whole range of composition [5] . But it has been clearly demonstrated that alloying Ge into Si reduces the effectiveness of hydrogenation [6, 7] . Infrared absorption and hydrogen evolution studies have shown that hydrogen preferentially attaches to Si so that the defects connected to Ge may be left uncompensated [6] . As a consequence the electronic properties of a-SixGel-x: H alloys are greatly changed when x decreases. This has been observed in both sputtered [8] and GD [9] alloys. In particular a decrease of the photoconductivity efficiency by four orders of magnitude has been measured when x is decreased from 1 to 0.1 [9] . On the other hand a considerable change in the electronic and photoluminescence properties has been noted when the Ge content is in the 25-40 at % range [8, 9] .
In this paper we report on the electronic and optical properties of GD a-Six Ge1- Microprobe analysis showed that the film has a larger Ge content than the gas phase composition when the gas ratio GeH4/SiH4 Z 0.2, as already observed [5, 9] . We found that in the silicon-rich region, at T D ~ 280 OC, the SiGe alloys have a maximum photoconductivity efficiency which is close to that of a-Si : H. A series of films with 0.62 x 1 was then prepared under the above conditions. The hydrogen atomic percentage was measured by nuclear analysis on a few samples (see Table I [8] and photoluminescence [9] properties of films prepared either by glow discharge or dc sputtering.
Recently we discussed [12] the use of Mott's minimum metallic conductivity theory [13] where Umin is the minimum metallic conductivity. Equation (2) [10] showed Afl --6 x 10-4 eV K -1. In contrast for films having a weak photo-induced sensitivity like # 1, åP = 1.7 x 10-4 eV K-1.
In [17, 18] or coplanar electrodes structures [18] . The study of the optical absorption edge as a function of temperature and structural disorder allowed Cody et al. [19] figure 9 we find a linear relationship between Eo and Eg ; here the parameter is the germanium content and not the temperature and we can tentatively draw the conclusion that disorder is the actual parameter. (15) and (16) assuming gn = 1 cm2 V-' s-1 as in a-Si : H. So far the microscopic mobility in the extended states has not been measured in binary SiGe alloys and the above value is only an approximation. Therefore the quasi-Fermi level positions, obtained from equation (22) may be shifted by some 0.05 eV from the actual position. We have also assumed that Nc = 1020 eV-1 cm-3 as in a-Si : H. It should be stressed that until Jlc and N c are measured the derivation of NT(EFn) below, only allows a qualitative comparison of the evolution of the density of states when the germanium content is increased.
In figure 10 is shown a typical plot of the response time To, electron lifetime Tn and photocurrent intensity ip versus the photogeneration rate f. In these experiments the studied f range was upperbounded because we used a mechanical shutter to terminate the illumi- [14] together with Goodman's field effect results [23] . On the other hand Hack and Madan [30] have recently demonstrated that upon illumination and subsequent annealing photoelectronic changes occur both in the bulk of a-Si : H and at the surface. Following these authors bulk effect represents a reversible conductivity change and surface effects can be attributed to a variable charge density at the surface as demonstrated by Solomon et al. [11] . Our a-Si : H film (1, in Next we find that the alloy photoconductivity efficiency remains high and close to that of a-Si :H (5 x 10-5 nyT 8 x 10-5 CM2 V-1 in the annealed state at a photon energy of 1.9 eV) as long as the germanium content is kept below -10 %. Beyond this concentration IPT strongly decreases and at x = 0.62 qpT -7 x 10-9 cm2 V-1 (Fig. 6 ). Obviously this inferior photoresponse of the SiGe alloys as compared to a-Si : H is due to the increase of the density of states in the gap : the width of the exponential absorption edge (Fig. 8) and the density of states at Ee -EF. -0.4-0.5 eV (Table II) steadily grow when the germanium content is increased. Recent studies of the optical absorption edge of GD SiGe alloys [22] allowed us to draw the same conclusion. The absorption coefficient was determined from 105 down tõ I cm-1 by a combination of optical and photoconductivity measurements. A shoulder located between 1.2 and 1.4 eV observed in a-Si : H by several authors [20, [24] [25] [26] [27] [28] [29] 
